**Core tip:** In this study, we identified the pre-hepatectomy factor associated with both early postoperative liver failure and long-term postoperative liver function recovery. We found that preoperative type IV collagen 7S is a significant independent factor associated with both post-hepatectomy liver failure and postoperative long-term recovery of liver function. Our analysis revealed that the time required for the recovery of Child-Pugh scores and serum total bilirubin and total bilirubin levels was significantly shorter in patients with type IV collagen 7S ≤ 6 ng/mL than in patients with type IV collagen 7S \> 6 ng/mL.

INTRODUCTION
============

Liver resection is an effective treatment for benign and malignant liver tumors. Due to advancements in hepatic surgeries and perioperative management, the perioperative mortality in high-volume centers has been reported to be 5% or less\[[@B1]-[@B5]\]. However, postoperative liver failure remains a severe complication that can result in death.

In addition to preoperatively assessing whether a patient can tolerate hepatectomy, the application of hepatectomy should be determined with considerations on the underlying pathophysiology to decide whether further postoperative therapies will be required to improve the hepatic reserve. Various methods for hepatic reserve evaluation have been reported, including Child-Pugh score\[[@B6]\], indocyanine green retention rate at 15 min (ICG-R15)\[[@B7]\], galactose elimination capacity\[[@B8]\], maximal removal rate of indocyanine green\[[@B9]\], arterial ketone body ratio\[[@B10]\], and technetium-99m galactosyl human serum albumin scintigraphy\[[@B11]\]. However, the Child-Pugh score and ICG-R15 may be insufficient for accurately determining the hepatic reserve in patients with arteriovenous shunts or transporter abnormalities. To date, there is no established method for preoperative evaluation of hepatic reserve. Furthermore, existing methods for hepatic reserve assessment primarily focus on postoperative liver failure and do not consider the long-term recovery of liver function. From a therapeutic standpoint, there have been significant advancements in chemotherapy for gastrointestinal cancers in recent years, and the need for postoperative multidisciplinary therapy is currently well recognized. In postoperative therapies, long-term recovery of liver function is just as important as early liver failure. Therefore, the present study aimed to identify factors that can predict both early postoperative liver failure and long-term postoperative recovery of liver function in patients undergoing hepatectomy.

MATERIALS AND METHODS
=====================

Patients
--------

This study was a retrospective cohort study. Overall, 230 patients who underwent hepatectomy at Keio University Hospital between May 2013 and December 2016 were recruited. Patient data were extracted from the hospital's database. Patients with postoperative follow-up \< 1 mo (*n =* 1) and missing data on preoperative liver fibrosis markers (*n =* 14) were excluded, resulting in a sample size of 215 patients. This included 87 patients with hepatocellular carcinoma, 49 with liver metastasis secondary to colon cancer, 24 with hilar cholangiocarcinoma, 20 with intrahepatic cholangiocarcinoma, 22 with liver metastasis due to non-colon cancers, and 13 with other tumors. There were 148 men (68.8%) and 67 women (31.2%), with an overall median age of 68 years (20-88 years). Additional analyses were performed in 158 patients without chronic viral hepatitis. This study was conducted in accordance with the principles of the Declaration of Helsinki and was approved by the ethics committee of our hospital (approval nos. 20120443 and 20140389).

Preoperative workup
-------------------

The patients underwent preoperative physical examinations and medical history interviews. Serum levels of aspartate aminotransferase, alanine aminotransferase, total bilirubin (TB), albumin (Alb), cholinesterase, total cholesterol, prothrombin time, C-reactive protein, platelet count, ICG-R15, and the fibrosis markers type IV collagen 7S and hyaluronic acid were estimated in each patient. Acoustic radiation force impulse (ARFI) ultrasonography was performed to measure liver stiffness. ARFI was performed 10 times each over the left and right lobes and the mean value was used in the analyses.

Surgery
-------

The inclusion criteria for surgery were as follows. It was assumed that the patients were in a generally good condition to tolerate major laparotomy and that the tumors were within the extent of resections. Hepatic reserve was assessed using biochemical tests and ICG-R15 to determine whether hepatectomy could be tolerated\[[@B12]\]. Preoperative computed tomography (Vincent; Fujifilm, Japan) findings were analyzed to calculate the liver volume. The maximum hepatectomy volume was set at 65%.

Postoperative workup
--------------------

Early postoperative liver failure was diagnosed based on the criteria established by the International Study Group of Liver Surgery (ISGLS)\[[@B13]\]. The patients were divided into two groups-the PHLF and non-PHLF groups-based on the presence or absence of early postoperative liver failure, respectively.

Long-term postoperative recovery of liver function was analyzed based on the time to recovery (days) of Child-Pugh class A and serum TB \< 2 mg/dL and Alb \> 2.8 g/dL. When blood transfusions or blood products were used, recovery was identified based on two consecutive samples without blood transfusions or use of blood products between the samples. The patients were divided into two groups - serum type IV collagen 7S ≤ 6 ng/mL and that with serum type IV collagen 7S \> 6 ng/mL-, because type IV collagen 7S ≤ 6 ng/mL is defined as within normal limit in many laboratory companies which measure type IV collagen 7S. The minimum time to recovery was 1 d. For example, if serum TB \< 2 mg/dL was observed on postoperative day 3, the time to recovery was 3 d. Even in cases with preoperative serum Alb \< 2.8 g/dL, the time to recovery was from the day of surgery to the postoperative day when the levels rose above 2.8 g/dL. All patients were followed up every 1-3 mo after surgery.

Histology
---------

A pathologist evaluated fibrosis of the background liver using the METAVIR score in 91 patients between May 2013 and December 2014\[[@B14]\]. We analyzed the pathological data of these patients. Additionally, Elastica van Gieson (EVG) staining of the background liver was performed to determine the areas of fibrosis. For pathological evaluation, 3-μm liver specimen slices were fixed with formalin and stained with EVG. A NanoZoomer HT (Hamamatsu Photonics, Hamamatsu, Japan) was used to obtain an overall tissue image from virtual slides (whole-slide images). The analysis was performed at 0.46 μm/pixel in 20 fields of view. Based on this analysis, whole-slide images were placed into five categories-four tissue components (collagen, elastin, nuclei, and cytoplasm) and one non-tissue component-and the amount of each tissue component was measured\[[@B15]\].

Statistical analysis
--------------------

Continuous variables are expressed as mean ± SD; either the *χ*^2^ test or Kruskal-Wallis test was used for comparisons. We identified factors associated with significant differences in early postoperative liver failure and long-term postoperative recovery of liver function using multivariate logistic regression and Cox regression. The relationship between collagen and elastin levels and the presence or absence of postoperative early liver failure was examined using the Mann-Whitney *U* test.

We also examined the relationship between collagen and elastin levels and the other parameters. Spearman's correlation coefficient was used for correlations with collagen and elastin levels. Long-term postoperative recovery of liver function was compared between the group of patients with serum type IV collagen 7S ≤ 6 ng/mL and that with serum type IV collagen 7S \> 6 ng/mL using the Kaplan-Meier method. All statistical analyses were performed using SPSS version 25 (IBM Japan, Tokyo, Japan) with *P* \< 0.05 considered as statistically significant.

Data regarding ICG-R15 and ARFI, which are factors that affect liver function, were missing in 10.2% and 29.8% of cases, respectively. As this harms the reliability and accuracy of the analyses, widens the confidence intervals (CIs), and can result in a bias in the calculation of odds ratios (ORs), we hence compensated for the missing values with multiple imputations using preoperative levels of serum TB, ALB, and cholinesterase and prothrombin time to predict the missing ICG-R15 values and preoperative levels of serum aspartate aminotransferase, type IV collagen 7S, and hyaluronic acid to predict the missing ARFI values. Data were generated for 20 ICG-R15 and ARFI values, which were analyzed separately and combined with the results to calculate the ORs\[[@B16],[@B17]\].

RESULTS
=======

Examination of predictive factors for early postoperative liver failure
-----------------------------------------------------------------------

Table [1](#T1){ref-type="table"} summarizes the patient characteristics, preoperative liver function parameters, and operative procedures. Based on the ISGLS definition, there were 27 cases of early post-hepatectomy liver failure (PHLF) and 188 cases without early PHLF (non-PHLF). Of these, nine were of grade A and 18 were of grade B. There were no intraoperative deaths in this study.

###### 

Preoperative clinicopathological, liver function, and operative data of the patients

                                                                                     **Overall** **(*n =* 215)**   **No postoperative liver failure** **(*n =* 188)**   **Postoperative liver failure** **(*n =* 27)**   ***P* value**
  ------------------------------------------------------- -------------------------- ----------------------------- ---------------------------------------------------- ------------------------------------------------ ---------------
  Age, yr (median)                                                                   68                            68                                                   72                                               0.107
  Sex                                                     Men                        148                           125                                                  23                                               0.073
  Women                                                   67                         63                            4                                                                                                     
  Child-Pugh score                                        5                          180                           162                                                  18                                               0.01
  6                                                       27                         22                            5                                                                                                     
  7                                                       7                          3                             4                                                                                                     
  8                                                       1                          1                             0                                                                                                     
  Liver tumor                                             Hepatocellular carcinoma   87                            75                                                   12                                               0.030
  Colorectal metastases                                   49                         46                            3                                                                                                     
  Hilar cholangiocarcinoma                                24                         17                            7                                                                                                     
  Intrahepatic cholangiocarcinoma                         20                         16                            4                                                                                                     
  Metastatic liver tumor (other than colorectal cancer)   22                         21                            1                                                                                                     
  Other tumors                                            13                         13                            0                                                                                                     
  Surgery                                                 Partial resection          112                           103                                                  9                                                0.041
  Sectionectomy                                           23                         22                            1                                                                                                     
  Lobectomy (+extended)                                   73                         58                            15                                                                                                    
                                                          Three sectionectomy        7                             5                                                    2                                                

Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"} summarize the results of the analyses of preoperative liver function parameters between the PHLF and non-PHLF groups. In multivariate analysis, preoperative type IV collagen 7S level was a significant independent factor associated with early postoperative liver failure (OR = 1.543; 95%CI: 1.258-1.892; *P* \< 0.001).

###### 

Preoperative levels of liver function parameters in patients with and without postoperative liver failure in univariate analysis

  **Factor**                              **No postoperative liver failure**   **Postoperative liver failure**   **Univariate analysis**   
  --------------------------------------- ------------------------------------ --------------------------------- ------------------------- ----------
  Age, yr (median)                        68                                   72                                                          0.095
  Sex, male/female                        125/63                               4/23                                                        0.064
  Preoperative biliary drainage           15                                   7                                                           0.005
  Child-Pugh score                        5.16 ± 0.45                          5.48 ± 0.75                       2.505 (1.345-4.665)       0.004
  Blood platelet (× 10^4^/μL)             19.5 ± 7.7                           16.7 ± 6.6                                                  0.099
  Total bilirubin (mg/dL)                 0.80 ± 0.33                          0.90 ± 0.39                                                 0.099
  PT-INR (INR)                            1.00 ± 0.12                          1.09 ± 0.13                       63.56 (2.533-1595.002)    0.012
  Albumin (g/dL)                          4.03 ± 0.45                          3.64 ± 0.54                       0.210 (0.091-0.484)       \< 0.001
  Aspartate aminotransferase (IU/L)       30.9 ± 23.6                          40.6 ± 24.8                       1.012 (0.999-1.025)       0.071
  Alanine aminotransferase (IU/L)         27.3 ± 20.7                          32.6 ± 24.2                                                 0.171
  Cholinesterase (IU/L)                   284.2 ± 82.1                         194.6 ± 69.9                      0.982 (0.975-0.990)       \< 0.001
  Total cholesterol (mg/dL)               188.2 ± 39.2                         165.8 ± 37.1                      0.984 (0.972-0.996)       0.011
  ICG-R15 (%)                             10.9 ± 9.01                          14.8 ± 11.1                       1.034 (0.998-1.071)       0.068
  Type IV collagen 7S (ng/mL)             5.50 ± 1.91                          8.80 ± 3.06                       1.601 (1.340-1.914)       \< 0.001
  Hyaluronic acid (ng/mL)                 88.5 ± 100.6                         256.5 ± 216.5                     1.005 (1.001-1.009)       0.018
  ARFI^TM^ (v/s)                          1.56 ± 0.57                          2.01 ± 0.69                       2.785 (1.431-5.422)       0.003
  CRP (mg/dL)                             0.39 ± 1.01                          0.82 ± 1.33                       1.319 (0.995-1.747)       0.054
  Extent of hepatic resection\[[@B26]\]   0.81 ± 0.97                          1.37 ± 1.04                       1.688 (1.114-2.557)       0.013

PT-INR: Prothrombin time-international normalized ratio; ICG-R15: Indocyanine green retention rate at 15 min; ARFI: Acoustic radiation force impulse; CRP: C-reactive protein.

###### 

Preoperative liver function parameters in patients with and without post-hepatectomy liver failure in multivariate analysis

  **Factors**                   **Multivariate analysis**   
  ----------------------------- --------------------------- ----------
  Sex, male/female              2.802 (0.813-9.653)         0.0513
  ICG-R15 (%)                   0.998 (0.951-1.047)         0.466
  Type IV collagen 7S (ng/mL)   1.543 (1.258-1.892)         \< 0.001
  ARFI^TM^ (v/s)                1.525 (0.673-3.457)         0.156

ICG-R15: Indocyanine green retention rate at 15 min; ARFI: Acoustic radiation force impulse.

Examination of predictive factors for postoperative long-term recovery of liver function
----------------------------------------------------------------------------------------

Tables [4](#T4){ref-type="table"}, [5](#T5){ref-type="table"}, and [6](#T6){ref-type="table"} summarize the results of Cox regression analyses of time to recovery. Preoperative type IV collagen 7S level was a significant independent factor associated with the number of days until recovery to these levels in Cox regression analyses. Figure [1](#F1){ref-type="fig"} illustrates the differences in time to recovery. The time to recovery was significantly shorter in the group with preoperative type IV collagen 7S ≤ 6 ng/mL than in the group with preoperative type IV collagen 7S \> 6 ng/mL.

![Postoperative time to recovery of liver function to recovery in this cohort. Time to recovery was defined as return to Child-Pugh class A and return of serum total bilirubin and albumin levels to \< 2 mg/dL and \> 2.8 mg/dL, respectively. It was compared between patients with serum preoperative type IV collagen 7S \> 6 ng/mL (*n =* 70) and those with serum preoperative type IV collagen 7S ≤ 6 ng/mL (*n =* 145). The time to recovery was significantly shorter in patients with type IV collagen 7S ≤ 6 ng/mL (all, *P \<* 0.001; log-rank test). TB: Total bilirubin; Alb: Albumin.](WJG-26-725-g001){#F1}

###### 

Cox proportional hazards analysis to identify predictors of postoperative recovery of liver function to achieve Child-Pugh class A

  **Factors**                             **Univariate analysis**   **Multivariate analysis**                         
  --------------------------------------- ------------------------- --------------------------- --------------------- ----------
  Age, yr (mean)                          0.984 (0.972-0.996)       0.007                                             0.837
  Sex, male/female                                                  0.688                                             0.656
  Child-Pugh score                        0.577 (0.427-0.780)       \< 0.001                                          0.123
  Cholinesterase (IU/L)                   1.002 (1.001-1.003)       0.001                                             0.346
  Total cholesterol (mg/dL)               1.004 (1.001-1.007)       0.024                                             0.932
  ICG-R15 (%)                             0.980 (0.964-0.997)       0.024                                             0.756
  Type IV collagen 7S (ng/mL)             0.837 (0.784-0.894)       \< 0.001                    0.779 (0.682-0.890)   \< 0.001
  Hyaluronic acid (ng/mL)                 0.996 (0.994-0.999)       0.003                                             0.179
  ARFI^TM^ (v/s)                          0.651 (0.490-0.866)       0.003                                             0.625
  CRP (mg/dL)                             0.792 (0.669-0.936)       0.006                                             0.142
  Extent of hepatic resection\[[@B26]\]   0.813 (0.707-0.936)       0.004                                             0.64

ICG-R15: Indocyanine green retention rate at 15 min; ARFI: Acoustic radiation force impulse; CRP: C-reactive protein.

###### 

Cox proportional hazards analysis to identify predictors of postoperative recovery of liver function to achieve serum total bilirubin \< 2 mg/dL

  **Factors**                             **Univariate analysis**   **Multivariate analysis**                         
  --------------------------------------- ------------------------- --------------------------- --------------------- -------
  Age, yr (mean)                                                    0.275                                             0.53
  Sex, male/female                                                  0.127                                             0.222
  Child-Pugh score                        0.749 (0.565-0.994)       \< 0.001                                          0.21
  PT-INR (INR)                            0.195 (0.47-0.803)        0.024                                             0.155
  Cholinesterase (IU/L)                   1.002 (1.001-1.004)       0.003                                             0.106
  ICG-R15 (%)                                                       0.165                                             
  Type IV collagen 7S (ng/mL)             0.905 (0.851-0.926)       0.001                       0.906 (0.851-0.962)   0.001
  Hyaluronic acid (ng/mL)                                           0.552                                             
  ARFI^TM^ (v/s)                                                    0.056                                             
  CRP (mg/dL)                                                       0.118                                             
  Extent of hepatic resection\[[@B26]\]                             0.159                                             

PT-INR: Prothrombin time-international normalized ratio; ICG-R15: Indocyanine green retention rate at 15 min; ARFI: Acoustic radiation force impulse; CRP: C-reactive protein.

###### 

Cox proportional hazards analysis to identify predictors of postoperative recovery of liver function to achieve serum albumin \> 2.8 g/dL

  **Factors**                             **Univariate analysis**   **Multivariate analysis**                         
  --------------------------------------- ------------------------- --------------------------- --------------------- ----------
  Age, yr (mean)                          0.985 (0.973-0.996)       0.008                                             0.18
  Sex, male/female                                                  0.059                                             0.457
  Child-Pugh score                        0.573 (0.424-0.776)       \< 0.001                                          0.611
  Cholinesterase (IU/L)                   1.002 (1.001-1.003)       0.001                                             0.39
  ICG-R15 (%)                             0.979 (0.962-0.996)       0.008                                             0.983
  Type IV collagen 7S (ng/mL)             0.841 (0.787-0.899)       \< 0.001                    0.759 (0.659-0.875)   \< 0.001
  Hyaluronic acid (ng/mL)                 0.996 (0.994-0.999)       0.004                                             0.292
  ARFI^TM^ (v/s)                          0.723 (0.545-0.959)       0.024                                             0.774
  CRP (mg/dL)                             0.808 (0.685-0.953)       0.011                                             0.192
  Extent of hepatic resection\[[@B26]\]   0.830 (0.722-0.955)       0.009                                             0.636

ICG-R15: Indocyanine green retention rate at 15 min; ARFI: Acoustic radiation force impulse; CRP: C-reactive protein.

Examination of cases without chronic viral hepatitis in the background liver
----------------------------------------------------------------------------

When assessing the presence or absence of fibrosis, there can be bias due to the presence or absence of chronic viral hepatitis, which makes the liver prone to failure. Therefore, an additional analysis of 158 patients without chronic hepatitis virus was performed. Tables [7](#T7){ref-type="table"} and [8](#T8){ref-type="table"} summarize these results. In these analyses, preoperative type IV collagen 7S was a significant factor associated with early postoperative liver failure (OR = 1.423; 95%CI: 1.074-1.886; *P* \< 0.001). Figure [2](#F2){ref-type="fig"} illustrates the time to recovery in 158 patients without chronic hepatitis virus. For long-term postoperative recovery of liver function as well, the time to recovery was significantly shorter in the group with preoperative type IV collagen 7S ≤ 6 ng/mL than in the group with preoperative type IV collagen 7S \> 6 ng/mL.

![Postoperative time to recovery of liver function in patients without hepatitis viruses in our study. Time to recovery was defined as return to Child-Pugh class A and return of serum total bilirubin and albumin levels to \< 2 mg/dL and \> 2.8 mg/dL, respectively. It was compared between patients with serum preoperative type IV collagen 7S \> 6 ng/mL (*n =* 51) and those with serum preoperative type IV collagen 7S ≤ 6 ng/mL (*n =* 107). The time to recovery was significantly shorter in patients with type IV collagen 7S level ≤ 6 ng/mL (all, *P \<* 0.001; log-rank test). TB: Total bilirubin; Alb: Albumin.](WJG-26-725-g002){#F2}

###### 

Preoperative liver function parameters in post-hepatectomy liver failure and non-post-hepatectomy liver failure patients who did not have hepatitis viruses in univariate analysis

  **Factors**                             **No postoperative liver failure**   **Postoperative liver failure**   **Univariate analysis**    
  --------------------------------------- ------------------------------------ --------------------------------- -------------------------- ----------
  Age, yr (mean)                          65.3                                 70.7                                                         0.09
  Sex, male/female                        87/49                                4/18                                                         0.109
  Preoperative biliary drainage           9                                    4                                                            0.045
  Child-Pugh score                        5.15 ± 0.39                          5.59 ± 0.80                       3.694 (1.766-7.729)        0.001
  Platelets (× 10^4^/μL)                  21.1 ± 7.7                           17.1 ± 7.0                                                   0.991
  Total bilirubin (mg/dL)                 0.79 ± 0.33                          0.91 ± 0.40                                                  0.111
  PT-INR (INR)                            0.99 ± 0.13                          1.1 ± 0.14                        123.581 (2.637-5791.435)   0.014
  Albumin (g/dL)                          4.03 ± 0.44                          3.57 ± 0.60                       0.157 (0.059-0.414)        \< 0.001
  Aspartate aminotransferase (IU/L)       30.8 ± 26.6                          41.5 ± 25.9                                                  0.121
  Alanine aminotransferase (IU/L)         28.0 ± 22.9                          33.6 ± 25.5                                                  0.296
  Cholinesterase (IU/L)                   293.1 ± 85.1                         192.2 ± 67.9                      0.979 (0.970-0.988)        \< 0.001
  Total cholesterol (mg/dL)               192.2 ± 42.2                         168.4 ± 40.2                      0.985 (0.973-0.998)        0.02
  ICG-15 clearance rate (%)               10.3 ± 9.11                          15.0 ± 11.8                       1.034 (0.998-1.081)        0.064
  Type IV collagen 7S (ng/mL)             5.36 ± 1.85                          9.15 ± 3.13                       1.731 (1.383-2.167)        \< 0.001
  Hyaluronic acid (ng/mL)                 78.7 ± 99.2                          261.9 ± 207.3                     1.005 (1.004-1.011)        \< 0.001
  ARFI^TM^ (v/s)                          1.49 ± 0.53                          1.98 ± 0.67                       2.785 (1.546-7.887)        0.003
  CRP (mg/dL)                             0.47 ± 1.14                          1.00 ± 1.42                                                  0.056
  Extent of hepatic resection\[[@B26]\]   0.90 ± 1.0                           1.41 ± 1.05                       1.638 (1.037-2.587)        0.034

PT-INR: Prothrombin time-international normalized ratio; ICG-R15: Indocyanine green retention rate at 15 min; ARFI: Acoustic radiation force impulse; CRP: C-reactive protein.

###### 

Preoperative liver function parameters in post-hepatectomy liver failure and non-post-hepatectomy liver failure patients who did not have hepatitis viruses in multivariate analysis

  **Factors**                   **Multivariate analysis**   
  ----------------------------- --------------------------- --------
  Cholinesterase (IU/L)         0.987 (0.977-0.998)         0.0083
  ICG-R15 (%)                   0.959 (0.896-1.026)         0.11
  Type IV collagen 7S (ng/mL)   1.423 (1.074-1.886)         0.002
  Hyaluronic acid (ng/mL)       1.004 (1.000-1.008)         0.021
  ARFI^TM^ (v/s)                1.144 (0.406-3.220)         0.6

ICG-R15: Indocyanine green retention rate at 15 min; ARFI: Acoustic radiation force impulse.

Examination of preoperative jaundice
------------------------------------

Similarly, there can be bias due to the presence or absence of preoperative jaundice, which makes the liver prone to failure. Therefore, an additional analysis of 21 patients without preoperative jaundice was performed. Table [9](#T9){ref-type="table"} summarizes the results of the sub-analysis of 21 patients with preoperative jaundice. Preoperative type IV collagen 7S level was a significant independent factor associated with early postoperative liver failure (OR = 1.540; 95%CI: 1.036-2.288; *P* = 0.033). Further, Figure [3](#F3){ref-type="fig"} illustrates the time to recovery. For long-term postoperative recovery of liver function as well, the time to recovery was significantly shorter in the group with preoperative type IV collagen 7S ≤ 6 ng/mL than in the group with preoperative type IV collagen 7S \> 6 ng/mL. The time to recovery of Alb levels tended to be shorter in the group with preoperative type IV collagen 7S ≤ 6 ng/mL than in the group with preoperative type IV collagen 7S \> 6 ng/mL; however, the difference was not significant.

![Postoperative time to recovery of liver function in patients who had jaundice preoperatively in our study. Time to recovery was defined as return to Child-Pugh class A and return of serum total bilirubin and albumin levels to \< 2 mg/dL and \> 2.8 mg/dL, respectively. It was compared between patients with serum preoperative type IV collagen 7S \> 6 ng/mL (*n =* 16) and those with serum preoperative type IV collagen 7S ≤ 6 ng/mL (*n =* 5). For the long-term postoperative recovery of liver function as well, the time to recovery was significantly shorter in the group with preoperative type IV collagen 7S ≤ 6 ng/mL than in the group with preoperative type IV collagen 7S \> 6 ng/mL. The time to recovery of Alb tended to be shorter in the group with preoperative type IV collagen 7S ≤6 ng/mL than in the group with preoperative type IV collagen \> 6 ng/mL; however, the difference was not statistically significant. TB: Total bilirubin; Alb: Albumin.](WJG-26-725-g003){#F3}

###### 

Preoperative liver function parameters in post-hepatectomy liver failure and non-post-hepatectomy liver failure patients who had jaundice in univariate analysis

  **Factors**                             **Univariate analysis**   **Multivariate analysis**                         
  --------------------------------------- ------------------------- --------------------------- --------------------- -------
  Age, yr (mean)                                                    0.74                                              0.817
  Sex, male/female                                                  0.105                                             0.237
  Child-Pugh score                                                  0.22                                              
  Cholinesterase (IU/L)                   0.979 (0.970-0.988)       0.066                                             0.157
  Total cholesterol (mg/dL)                                         0.652                                             
  ICG-R15 (%)                                                       0.371                                             
  Type IV collagen 7S (ng/mL)             1.540 (1.036-2.288)       0.033                       1.540 (1.036-2.288)   0.033
  Hyaluronic acid (ng/mL)                                           0.187                                             
  ARFI ^TM^ (v/s)                                                   0.171                                             
  CRP (mg/dL)                                                       0.533                                             
  Extent of hepatic resection\[[@B26]\]                             0.481                                             

ICG-R15: Indocyanine green retention rate at 15 min; ARFI: Acoustic radiation force impulse; CRP: C-reactive protein.

Examination of histological factors
-----------------------------------

A pathologist evaluated fibrosis of the background liver using the METAVIR score in 91 patients between May 2013 and December 2014. METAVIR score was not a significant factor associated with postoperative early liver failure (*P* = 0.801) (Table [10](#T10){ref-type="table"}). Figure [4](#F4){ref-type="fig"} illustrates the relationships between collagen and elastin levels and early postoperative liver failure. Collagen and elastin levels were no different between patients who experienced early postoperative liver failure and those who did not. Furthermore, when the correlations of collagen and elastin with other data were examined, the preoperative type IV collagen 7S level was correlated with collagen (ρ = 0.281, *P* = 0.007) but not with elastin (ρ = 0.167, *P* = 0.114). ARFI correlated with both collagen (ρ = 0.405, *P* \< 0.001) and elastin (ρ = 0.316, *P* = 0.002).

![Correlation between (A) collagen and (B) elastin concentrations and post-hepatectomy liver failure in this cohort. Circles indicate patients without post-hepatectomy liver failure, whereas squares indicate patients with post-hepatectomy liver failure. PHLF: Post-hepatectomy liver failure; NPHLF: Non-post-hepatectomy liver failure.](WJG-26-725-g004){#F4}

###### 

Preoperative liver function parameters in post-hepatectomy liver failure and non-post-hepatectomy liver failure patients in univariate and multivariate analyses for 91 patients

  **Factors**                             **Univariate analysis**   **Multivariate analysis**                         
  --------------------------------------- ------------------------- --------------------------- --------------------- -------
  Age, yr (mean)                                                    0.083                                             0.065
  Sex, male/female                                                  0.462                                             0.557
  Child-Pugh score                                                  0.347                                             
  Platelets (× 10^4^/μL)                                            0.509                                             
  PT-INR (INR)                                                      0.064                                             
  Aspartate aminotransferase (IU/L)                                 0.087                                             
  Alanine aminotransferase (IU/L)                                   0.468                                             
  Cholinesterase (IU/L)                   0.986 (0.977-0.995)       0.003                                             0.348
  Total cholesterol (mg/dL)                                         0.128                                             
  ICG-R15 (%)                                                       0.643                                             
  Type IV collagen 7S (ng/mL)             1.514 (0.784-0.894)       \< 0.001                    2.178 (0.684-0.890)   0.005
  Hyaluronic acid (ng/mL)                 1.005 (1.001-1.009)       0.018                                             0.674
  ARFI^TM^ (v/s)                                                    0.145                                             
  CRP (mg/dL)                                                       0.495                                             
  METAVIR score                                                     0.801                                             
  Extent of hepatic resection\[[@B26]\]   2.296 (0.707-0.936)       0.009                                             0.86

PT-INR: Prothrombin time-international normalized ratio; ICG-R15: Indocyanine green retention rate at 15 min; ARFI: Acoustic radiation force impulse; CRP: C-reactive protein.

DISCUSSION
==========

The purpose of this study was to analyze predictive factors for early postoperative liver failure and long-term postoperative recovery of liver function. The results indicated that preoperative type IV collagen 7S was a significant independent factor associated with early postoperative liver failure. Additionally, the time to recovery of Child-Pugh classification and serum TB and Alb-which are indicators of long-term postoperative recovery of liver function-was significantly shorter in the group with preoperative type IV collagen 7S ≤ 6 ng/mL than in the group with preoperative type IV collagen 7S \> 6 ng/mL. Similar results were observed irrespective of multiple imputations used in the analysis of postoperative liver failure.

Various reports have described existing methods for predicting early postoperative liver failure. Among them, the Child-Pugh classification is widely used worldwide. ICG-R15 is also commonly used in Asia and has been recognized in several other parts of the world\[[@B18]\]. However, in the present study, the Child-Pugh classification and ICG-R15 were not sufficient predictors of early postoperative liver failure. Additionally, the Child-Pugh classification, ICG-R15, and other liver function tests only focus on early postoperative liver failure and do not consider the long-term postoperative recovery of liver function.

The present study used the time to recovery of the Child-Pugh classification and serum TB and Alb as indicators of long-term postoperative recovery of liver function. Postoperative recovery of liver function is particularly clinically important when adjuvant therapy is used. In our study, preoperative type IV collagen 7S was a significant independent factor associated with the time to recovery. Furthermore, the time to recovery was significantly shorter in the group with preoperative type IV collagen 7S ≤ 6 ng/mL than in the group with preoperative type IV collagen 7S \> 6 ng/mL. This suggests that type IV collagen 7S may also be useful in predicting the long-term postoperative recovery of liver function.

There can be bias due to the presence or absence of chronic viral hepatitis or preoperative jaundice, which makes the liver prone to failure. In additional analyses of patients without chronic viral hepatitis associated with fibrosis, preoperative type IV collagen 7S was also a significant factor associated with early postoperative liver failure and long-term postoperative recovery of liver function. Similarly, in cases of jaundice, type IV collagen 7S was also a significant independent factor associated with early postoperative liver failure and long-term postoperative recovery of liver function. In cases without chronic viral hepatitis associated with fibrosis and cases with jaundice, early postoperative liver failure and postoperative long-term recovery of liver function were also associated with preoperative type IV collagen 7S.

The METAVIR score-which represents histological liver fibrosis-was not significantly associated with early postoperative liver failure. Additionally, we calculated the amount of collagen and elastin fibers in the samples using EVG staining but found no histological differences between patients with early postoperative liver failure and those without (Figure [4](#F4){ref-type="fig"}).

We evaluated two markers of liver fibrosis-type IV collagen 7S\[[@B19]\] and hyaluronic acid\[[@B20]\]. In our study, preoperative type IV collagen 7S was a significant independent factor associated with early PHLF and long-term postoperative recovery of liver function. Type IV collagen is a basement membrane protein that is located around the sinusoids in the liver and is an immunohistochemical marker of the basement membrane\[[@B21]\]. In a normal liver, sinusoids have no basement membrane; however, as the liver undergoes fibrosis, sinusoidal capillarization occurs and the basement membrane appears. The presence of type IV collagen 7S in the basement membrane is believed to reflect in the form of increased levels in the blood\[[@B22]\].

There are two possible reasons for the association of type IV collagen 7S with early postoperative liver failure and long-term postoperative recovery of liver function. Type IV collagen 7S is affected by factors other than fibrosis. Alternatively, it may reflect a type of fibrosis that does not exhibit histological differences from non-fibrotic tissue. In recent years, type IV collagen 7S has been believed to reflect fibrogenesis-an indicator of collagen production during this process. Therefore, fibrogenesis is different from the histological appearance of fibrosis. Fibrogenesis reflects the current damage to the liver caused by fibrosis and not liver damage that has accumulated over many years, which could be why the histological differences were not observed in the present study. According to Parola et al\[[@B23]\], fibrogenesis is a reaction to liver damage that involves growth of extracellular matrices (ECM) for liver regeneration. Increased ECM in the space of Disse reduces liver function\[[@B24]\]. Therefore, fibrogenesis is believed to be a reaction that reduces liver function. The reason why type IV collagen 7S is associated with early postoperative liver failure and postoperative long-term recovery of liver function may be because it reflects fibrosis that does not exhibit histological differences. This suggests that instead of fibrosis---which manifests histologically-fibrogenesis affects the early and long-term postoperative recovery of liver function.

This study has some limitations. Our study was a retrospective analysis at a single center, which limits the validity of the results. Additionally, there is the possibility of bias because only patients that were able to undergo hepatectomy were included. Additionally, a new marker of liver fibrosis-M2BPGi\[[@B25]\]-was listed for insurance coverage in Japan in January 2015; however, it was not examined in this study. Going forward, multicenter, prospective studies are required to investigate the application of preoperative serum type IV collagen 7S levels in predicting the postoperative long-term course and early liver failure.

In conclusion, preoperative type IV collagen 7S is a useful predictive factor for early postoperative liver failure and long-term postoperative recovery of liver function. In particular, similar results were obtained in patients without chronic hepatitis virus in the background liver and in those with jaundice. Therefore, preoperative type IV collagen could be useful in predicting early liver failure and long-term postoperative recovery of liver function in different subsets of patients undergoing hepatectomy.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Liver resection is an effective treatment for benign and malignant liver tumors. However, a method for preoperative evaluation of hepatic reserve has not yet been established. Previously reported assessments of preoperative hepatic reserve focused only on liver failure in the early postoperative period and did not consider the long-term recovery of hepatic reserve.

Research motivation
-------------------

When determining eligibility for hepatectomy, the underlying pathophysiology needs to be considered to determine if the functional hepatic reserve can withstand both surgery and any postoperative therapy.

Research objectives
-------------------

To identify pre-hepatectomy factors associated with both early postoperative liver failure and long-term postoperative liver function recovery.

Research methods
----------------

This study was a retrospective cohort study. We retrospectively investigated 215 patients who underwent hepatectomy at our hospital between May 2013 and December 2016. Early post-hepatectomy liver failure (PHLF) was defined using the International Study Group of Liver Surgery's definition of PHLF. Long-term postoperative recovery of liver function was defined as the time taken for serum total bilirubin and albumin levels to return to levels of \< 2 mg/dL and \> 2.8 g/dL, respectively, and the time taken for Child-Pugh score to return to Child-Pugh class A.

Research results
----------------

Preoperative type IV collagen 7S was identified as a significant independent factor associated with both PHLF and postoperative long-term recovery of liver function. Further analysis revealed that the time taken for the recovery of Child-Pugh scores and serum total bilirubin and albumin levels was significantly shorter in patients with type IV collagen 7S ≤ 6 ng/mL than in those with type IV collagen 7S \> 6 ng/mL. In additional analyses, similar results were observed in patients without chronic viral hepatitis associated with fibrosis.

Research conclusions
--------------------

Preoperative type IV collagen 7S is a useful predictive factor for early postoperative liver failure and long-term postoperative recovery of liver function. In particular, similar results were obtained in patients without chronic hepatitis virus in the background liver.

Research perspectives
---------------------

Preoperative type IV collagen could be useful in predicting early liver failure and long-term postoperative recovery of liver function in different subsets of patients undergoing hepatectomy in this study. Multicenter and prospective studies are required to investigate the application of preoperative serum type IV collagen 7S levels in predicting the postoperative early liver failure and long-term postoperative recovery of liver function.
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